Abstract: This study evaluates the levels of aluminum (Al), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), nickel (Ni) and zinc (Zn) in tap water samples of forty localities from around the Maltese Islands together with their corresponding service supply reservoirs. The heavy metal concentrations obtained indicated that concentrations of the elements were generally below the maximum allowed concentration established by the Maltese legislation. In terms of the Maltese and EU water quality regulations, 17.5% of the localities sampled yielded water that failed the acceptance criteria for a single metal in drinking water. Higher concentrations of some metals were observed in samples obtained at the end of the distribution network, when compared to the concentrations at the source. The observed changes in metal concentrations between the localities' samples and the corresponding supply reservoirs were significant. The higher metal concentrations obtained in the samples from the localities can be attributed to leaching in the distribution network.
Introduction
The pollution of heavy metals in water has become a question of considerable public and scientific concern in view of the facts proving their acute toxicity to human health and biological systems [1] . Heavy metal toxicity represents a rare, yet clinically-significant medical condition, which if overlooked or inadequately treated, results in significant morbidity and mortality [2] . Drinking water can be a possible source of human exposure to heavy metals. In general, heavy metals are systemic toxins with specific nephrotoxic, neurotoxic, teratogenic and fetotoxic effects [3] . Heavy metals can OPEN ACCESS directly influence behavior by influencing neurotransmitter production and utilization, impairing mental and neurological function, and altering numerous metabolic body processes [4] .
The Maltese Islands are located in the central part of the Mediterranean Sea, and they represent one of the most densely-populated countries in the world. Natural water resources in the Maltese Islands are scarce, and this is mainly due to the low rainfall, high evapotranspiration rate, the long dry season accompanied by a relatively short period of rainfall and the Islands' small surface area [5, 6] . The Food and Agriculture Organization of the United Nations (FAO) has classified Malta with the ten poorest countries in terms of water resources per inhabitant [7] . Historically, Malta has always had a lack of natural water resources in relation to its needs, since it does not have any significant natural surface water resources. The two main sources of urban water supply are groundwater and desalinated seawater [8] .
The objective of this study is to provide an overview of heavy metal concentrations in potable water that is being consumed by the Maltese population who has been repeatedly shown to have higher blood lead levels than the reference values proposed by the EU [9, 10] . Drinking water could be a possible source of exposure to lead, as demonstrated by Fertmann et al. [11] in an epidemiological study in Hamburg, where participants who consumed tap water with lead higher than the detection limit showed significantly higher blood lead levels. This study also attempts to determine variations in heavy metal concentrations between the service supply reservoirs and the consumers' taps by correlating these changes with the distribution network.
Methodology

Sampling Plan
The sampling program was designed in a way that the Maltese Islands would be well represented in this study (Figure 1 ). Heavy metal levels of 40 localities from around the Maltese Islands together with their respective service supply reservoirs were evaluated. The localities were defined according to the number of local councils established in the Maltese Islands. Samples were collected from each of the localities chosen in order to represent the whole population of each locality.
The reservoirs were then chosen according to the selection of localities. Table 1 shows that the number of reservoirs sampled also provides a clear representation of the whole population. The localities corresponding to the specific reservoir sources are represented in Table 2 . A total of 59 samples were collected; 40 samples from the chosen localities and 19 samples from the reservoirs supplying them. Water samples from all localities were collected at the end point of distribution, i.e., from the consumers' taps. This was done in order to evaluate the quality of the water that is actually being consumed by the local population, thus reviewing the possibilities of heavy metal toxicity through potable water consumption.
Samples were collected in acid-washed containers and were acidified in 2% concentrated nitric acid on-site. Samples were transported in a cooler and stored in a refrigerator.
ICP-OES Analysis
Heavy metal levels were analyzed by ICP-OES using a method based on ISO 11885 [12] . The heavy metals analyzed were aluminum, cadmium, chromium, copper, iron, lead, nickel and zinc. Each element was read off at the two best wavelengths similarly chosen as those instructed by the ISO 11885 method.
ICP-OES analysis was conducted by means of the Smart Analyzer (Ciros CCD) software. Each sample was introduced in the ICP-OES in its raw state and analyzed twice; each run generated a set of 3 readings together with the mean, standard deviation and the relative standard deviation. The instrument parameters are shown in Table 3 . Prior to use, the instrument was calibrated utilizing a fresh set of standard solutions, which were derived from a previously prepared mixed standard stock solution containing all of the elements analyzed (CPI International Peak Performance™ Certified Reference Materials were used to prepare calibrating solutions). The mixed standard stock solution was designed in accordance with the legal limits proposed in the Legal Notice 17 of 2009, as amended by Legal Notice 242 of 2009 of the Maltese Legislation; Water Intended for Human Consumption Regulations. The mixed standard stock solution was prepared in such a way that when dispensing different volumes to prepare the calibration standards, all elements involved would be set along the whole calibration range in a linear manner.
QC checks were performed before, during and after analysis using a set of QC standard solutions consisting of a blank solution containing tap water matrix, a QC low solution representing the lowest point on the calibration curve above zero and a QC high solution representing the highest point on the calibration curve. The QC low and QC high solutions ensured the consistency of the calibration curves, since the lowest and the highest points of the calibration curve tend to be the most variable. All standard solutions, both calibrating and QC check solutions, were prepared in a matrix similar to that of the water available locally in order to create a similar environment between the prepared solutions and the obtained samples. This was done to ensure that none of the elements would be masked during analysis due to the matrix effect.
In order to ensure the efficacy of the ICP-OES and the absence of interferences due to the matrix effect, two spiked sample solutions were also analyzed during the analysis. The spiked sample solutions were prepared by adding a known volume of the mixed standard stock solution, chosen between the volumes of the QC low and the QC high on the calibration curve, to a known volume of sample. Further confirmation of the method used and the data obtained was provided by the analysis of the European Reference Material ERM ® -CA010a, which was routinely analyzed during each session of analysis. Typical percentage recoveries obtained before, during and after analysis are presented in Table 4 .
The best wavelength for each element analyzed was chosen on the basis of the best and consistent percentage recoveries obtained in all QC checks performed during analysis. Thereby, the results presented are of the best wavelength analyzed for each element. All of the raw data obtained were analyzed by means of the Biomedical Data Package (BMDP) Statistical Software. The sample results were compared to the legal concentration as proposed by the Maltese legislation by means of the Wilcoxon test, which is the non-parametric alternative of the one-sample t-test. One-way analysis of variance was used to compare the metal concentrations obtained in the localities with those obtained from the service reservoir samples feeding the respective localities sampled. This was done to show whether the concentrations in the reservoirs and the localities were significantly different or not.
Since the F ratio was significant in most cases, the mean results of the reservoirs and their corresponding localities were subsequently compared pairwise using the Bonferroni test.
Results and Discussion
Mean Concentrations of Localities and Their Corresponding Reservoirs
Out of forty localities, seven (17.5%) were not in the permitted range for a single metal. Comparisons between all of the sample concentrations obtained and the Maltese legal limit were all statistically significant, since all of the p-values obtained from the operated Wilcoxon test were equal to zero and thus perfectly correlated.
A summary of the results obtained from samples of all localities and supply reservoirs is presented in Tables 5 and 6 . Table 5 . Summary of the results in tap water sampled from localities, including the mean concentration, maximum mean value, limit of detection (LOD), limit of quantitation (LOQ), legal limit, standard deviation (SD), n (number of samples above LOD) and the best analytical wavelength. Table 6 . Summary of the results in water sampled from supply reservoirs, including the mean concentration, maximum mean value, limit of detection (LOD), limit of quantitation (LOQ), legal limit, standard deviation (SD), n (number of samples above LOD) and the best analytical wavelength. 
Variations between Localities and Their Corresponding Supply Reservoirs
The two elements that exhibited the most significant variations between reservoirs and localities were iron and zinc, with 98% of the obtained concentrations being significantly different.
Aluminum and cadmium also exhibited a majority of significant variations between reservoirs and their corresponding localities, thus showing that these metal concentrations are somehow increasing following the passage of water in the distribution network. Significantly different concentrations between reservoirs and localities were also obtained for chromium and copper, followed by nickel and then lead. The data analysis results are presented in the Appendix.
General Trends of Heavy Metal Concentrations in the Maltese Islands
Aluminum was shown to exhibit higher concentrations in the south of the island, even though the concentrations obtained were minimal. In fact, the highest concentration was in Locality 21 (0.36 mg/L) situated in the south of Malta. Localities 20 and 24, also situated in the south of the island, showed higher concentrations of Al than the remaining localities analyzed. This was confirmed further by the Al concentration obtained in their corresponding Reservoir G, which was shown to have a higher concentration than the rest of the reservoirs.
No general trend for cadmium could be established, as concentrations were minimal and similar almost everywhere, with the exception of localities in Gozo, where nil concentrations above the detection limit were detected.
Chromium and copper did not show any general topographic trends, with concentrations occurring in minimal amounts throughout both islands.
Elevated levels of iron were mostly found in the central part of the island, even though iron was present in a random manner in almost every locality and reservoir.
Higher levels of lead were shown to be present in the northern part of Malta and in Gozo, with both Localities 35 and 36 slightly exceeding the proposed legal limit.
Nickel was absent in Gozo, while it was present in minimal amounts in Malta. Zinc concentrations were very variable throughout both islands; however, reservoirs in Gozo contained trace amounts of Zn, while reservoirs in Malta contained nil.
The maximum values for the elements analyzed in Maltese tap water were comparable to the maximum results obtained in a study of tap water in Italy by Dinelli et al. [13] , with the exception of the maximum value for iron, which was higher in the Maltese sample.
The maximum values obtained for cadmium and lead were also similar to the maximum values in drinking water samples from western Greece in a study conducted by Sotirios Karavoltsos et al. [14] However, maximum values for copper, chromium and nickel were lower in the Maltese samples.
The mean concentrations of cadmium, chromium, iron and lead in the Maltese samples were found to be lower than the mean concentrations in tap water samples from different districts of Shebin El-Kom city, Menoufiya in Egypt in a study by Badr et al. [15] .
The general trend established in this study shows that metal concentrations tend to increase following distribution, since water collected from localities generally exhibited higher metal concentrations than their corresponding reservoirs, and this confirms other studies that indicate trace metal migration in drinking water from distribution networks [16] . Generally, metal concentrations are low when the water leaves the water supply, but during transportation and storage in the distribution network, the metal concentration may increase considerably [17] . Cadmium was an exception to this rule, with concentrations in reservoirs and at localities being quite similar. Iron was another exception, with the result that some reservoirs had a slightly higher concentration than their fed localities, although this was not always the rule.
Conclusions
This study has shown that the quality of potable water as regards heavy metals in the Maltese Islands is generally satisfactory, and most concentrations obtained were within the legal concentration range, with the exception of a few samples, which were found to have elevated levels of iron, aluminum and lead.
This study has also shown that metal concentrations in drinking water tend to increase from the supply reservoirs to the end-users, and this could be mainly related to corrosion in the distribution network. Corrosion occurs due to the instability of metals in the presence of water and due to the tendency to transform into a more stable and soluble form. Corrosion is characterized by partial solubilization of the materials constituting the treatment and supply systems, tanks, pipes, valves and pumps [18] . The main cause of metal pollution, such as lead, cadmium, copper, iron and zinc, in tap water is due to corrosion [19] . A study on tap water from Italy by Dinelli et al. also emphasized the possible effects of corrosion from the distributing tap water pipeline systems [13] . Parameters that significantly influence the corrosion and release of elements from distribution systems are pH and alkalinity. The solubility of corrosion products generally decreases with increasing pH [20] . Due to the fact that local water is hard, thus having a high pH value, the extent of corrosion in the local distribution network might be lower, and thus, this may contribute to keeping metal concentrations in trace amounts.
Variations between Localities and Their Corresponding Supply Reservoirs
The data analysis results are represented in this section. The p-values obtained from the Bonferroni test following one-way analysis of variance are represented in the tables of this section. Thus, any significant differences between the concentrations obtained in reservoirs and those in localities are shown here. 
